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Summary. 
(57) [Abstract] 

[Technical problem] It direct-compounds and grows up, and moreover, it is highly precise and a substrate front face is 
provided with high density and the arranged carbon nanotube. 

[Means for Solution] It is the molecule 4 which covered the circumference of owner Perilla frutescens (L.) Britton var. 
crispa (Thunb.) Decne. for the lumen in protein 2, and after carrying out expansion arrangement of this molecule that 
made the inorganic-material atom 1 hold in the aforementioned lumen section substrate top 6, it is the carbon 
nanotube 13 which comes as a seed to compound the aforementioned inorganic-material atom 1 which remains on a 
substrate by removing this protein. The protein molecule 4 may be a virus, a ferritin family (a ferritin and apoferritin), 
DpsA protein, or MrgA protein, the inorganic-material atom 1 may be either of the cobalt compounds, such as nickel 
compounds, such as iron compounds, such as iron and a ferric acid ghost, nickel, and a nickel oxide, cobalt, and a 
cobalt oxide, and a synthetic method may be CVD. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The carbon nanotube which comes as a seed to compound the aforementioned inorganic-material atom 
which remains on a substrate by removing the aforementioned protein after carrying out expansion arrangement of 
the aforementioned molecule which it is [ molecule ] the molecule which has a lumen and covered the circumference 
in protein, and made the inorganic-material atom hold in the aforementioned lumen section on a substrate. 
[Claim 2] The carbon nanotube according to claim 1 characterized by a protein molecule being a virus. 
[Claim 3] The carbon nanotube according to claim 1 characterized by a protein molecule being a ferritin family. 
[Claim 4] The carbon nanotube according to claim 3 characterized by a ferritin family being a ferritin or an apoferritin. 
[Claim 5] The carbon nanotube according to claim 1 characterized by a protein molecule being DpsA protein or MrgA 
protein. 

[Claim 6] The carbon nanotube according to claim 1 to 5 characterized by an inorganic-material atom being any one 
sort of iron, a ferric acid ghost, other iron compounds, nickel, a nickel oxide, other nickel compounds, cobalt, a cobalt 
oxide, and the other cobalt compounds. 
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[Claim 7] The carbon nanotube according to claim 1 to 6 characterized by a synthetic method being CVD. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] About a carbon nanotube, especially this invention is high-density on a 

substrate front face, and relates to the carbon nanotube moreover arranged with high degree of accuracy. 

[0002] 

[Description of the Prior Art] Since the radius of curvature at a nose of cam is small, a carbon nanotube is suitable as 
a component (cold cathode material) of the source of electron emission in an electrolysis discharge type electronic 
emitter (cold cathode equipment), while having a high aspect ratio. 

[0003] For example, it is reported that the high emission current density called 400microA/cm2 is obtained from the 
carbon nanotube which bundled many books on low turn-on voltage called 64V. 

[0004] Thus, some proposals and reports of the synthetic technology, applied technology, etc. till today are made. 
[ carbon nanotube / with which the application as a high current electron ray emitter of a low-battery drive attracts 
attention ] 

[0005] For example, it is desirable to carry out orientation at right angles to an electrode side, if a carbon nanotube is 
made by carrying out orientation as much as possible in order to apply the field emission type emitter which uses a 
carbon nanotube as a cold cathode member to a flat-panel display, and if it can do, it is desirable to arrange in the 
shape of a two dimensional array corresponding to a fluorescent substance. There are following reports and 
proposals about this array technology. 

[0006] Walt de Heer et In the Science magazine 268 volume (1995) 845 page by al., pass the suspension of a carbon 
nanotube to a ceramic filter, a filter front face is made to arrange a carbon nanotube, this is imprinted on a sheet 
plastic, and the technology which forms the layer of the carbon nanotube which carried out orientation into the field 
perpendicular or the field on this sheet is indicated. 

[0007] Moreover, JP,10-149760,A is indicating the technology which uses a carbon nanotube as electron-emitter 
material in field emission type cold cathode equipment. Hit forming two or more electron emitters on a support 
substrate, for example, arc discharge is made to sublimate the carbon of an anode electrode. An application, 
distribution, etc. carry out the carbon nanotube which it was deposited on the cathode and formed it, and as fallen 
trees overlap, when they make it arrange on a substrate, the technology which constitutes each electron emitter is 
indicated. 

[0008] JP,10-12124,A is indicating the technology of making it growing up by the operation of a metal catalyst which 
deposited the carbon nanotube used as an electron emitter in the pore regularly arranged into the oxide film on 
anode. 

[0009] Furthermore, the technology which the carbon nanotube operated as a field emission type electronic emitter is 
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made to arrange in the direction of impression electric field by the electrophoresis method, is made to move it to the 
attachment component which consists of polysilane formed on the substrate, and is fixed is indicated Japanese 
painting image society (The Society of Electrophotography of Japan) issue "Pan-Pacific Imaging Conference/Japan 
Hardcopy '98" (15-July 17, 1998 holding) 313-316 page, 
[0010] 

[Problem(s) to be Solved by the Invention] However, each the above report and proposal produce the carbon 
nanotube separately, and are the technology which arranges and fixes this on a substrate, and productivity carries out 
orientation on about [ that it cannot necessarily be called fitness ] and a substrate and is high-density [ a proposal ]. 
And an array and fixation with high degree of accuracy cannot necessarily be referred to as easy, and there is a 
problem plentifully also about the vertical disposition to a substrate side ideal as an electron ray emitter (to for 
example, request positions, such as arrangement of the shape of a two dimensional array the fluorescent substance 
was made to correspond). 

[001 1] this invention is a carbon nanotube directly compounded on a substrate, and, moreover, aims at the 
composition offering the carbon nanotube which can realize easily ideal vertical disposition to an array and fixation 
with the high density and high degree of accuracy of a carbon nanotube, and a substrate side. 
[0012] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the carbon nanotube of this 
invention holds an inorganic-material atom in the lumen section, after it carries out expansion arrangement of the 
molecule which covered the circumference in protein on a substrate, by removing protein, compounds as a seed the 
inorganic-material atom which remains on a substrate, and is characterized by the bird clapper. 
[001 3] The carbon nanotube of this invention moreover, the protein molecule of (1 ) above ** a virus (for example, an 
adenovirus, a rotavirus, and a poliovirus -) A ferritin family like ** ferritins, such as HK97 and CCMV, or an apoferritin, 
** May be DpsA protein and MrgA protein (refer to protein data bank), and (2) The above-mentioned inorganic- 
material atom may be any one sort of iron, a ferric acid ghost, other iron compounds, nickel, a nickel oxide, other 
nickel compounds, cobalt, a cobalt oxide, and the other cobalt compounds, and the synthetic method of (3) above 
may be CVD. 
[0014] 

[Embodiments of the Invention] In this invention, on a substrate, it is high degree of accuracy (in this invention, when 
describing it as "high degree of accuracy", it means "it is high degree of accuracy to a request position"), and 
expansion arrangement (namely, two-dimensional an array and fixation) of the molecule (it may be hereafter 
described as a "protein molecule") which held the inorganic-material atom in the lumen section, and covered the 
circumference in protein first is carried out in high density and a request position. 

[0015] As typically shown in drawing 1 , this protein molecule holds the heart 1 of an inorganic-material atom in the 

lumen section, it is the metalloprotein complex which covered this circumference with the proteinic husks 2, and the 

ferritin taken out from internal organs, such as a spleen of animals, such as a horse and a cow, and liver, the 

apoferritin which connoted various kinds of inorganic-material atoms to the lumen can use it preferably. 

[0016] In the case of a ferritin, the inorganic-material atom of the heart 1 is usually an iron oxide (Fe 203), the total of 

about 6nm and an iron oxide of the diameter of the heart 1 is about 3000 pieces, husks 2 are 24 **** of with a 

molecular weight of about 20,000 protein, and the outer diameter of the whole 24 **** is about 12nm. 

[0017] Although illustration omits in the case of Dps protein, the diameter of the heart 1 is about 4nm, husks 2 are 12 

**** of a regular tetrahedron, and the outer diameter of the whole 12 **** is about 9nm. 

[0018] In addition, in this invention, the inorganic-material atom of the heart 1 may not be limited to an iron oxide, but 
may be iron compounds other than iron and an iron oxide or nickel, cobalt, these oxides, compounds other than an 
oxide, etc. 

[0019] Two-dimensional array and fixation of this protein molecule are performed to JP,1 1-45990,A by the method of 
a publication. 

[0020] Specifically, as shown in drawing 2 , the polypeptide film 5 is stretched on the front face of the buffer solutions 
(solution) (equivalent mixed solution of concentration 40mM, the phosphoric-acid buffer solution of pH 5.3, and the 
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sodium chloride solution of concentration 40mM etc.) 3 which distributed the protein molecule 4, and pH of the buffer 
solution 3 is adjusted on it ( drawing 2 (A)). Since the protein molecule 4 wears the negative charge to the polypeptide 
film 5 wearing the positive charge, in connection with the passage of time, the protein molecule 4 adheres to the 
polypeptide film 5, and the two-dimensional crystal of the protein molecule 4 is made ( drawing 2 (B)). 
[0021] A substrate 6 is laid on this polypeptide film 5, and ** (appear) and the polypeptide film 5 are made to adhere 
to a substrate 6 ( drawing 2 (C)). If this substrate 6 is taken out, the substrate 6 to which the two-dimensional crystal 
of the protein molecule 4 adhered can be obtained through the polypeptide film 5 ( drawing 2 (D)). 
[0022] Or if a substrate 6 is put into the solutions (what added electrolyte matter, such as a sodium chloride, to pure 
water and pure water) 3 which distributed the protein molecule 4 and this substrate 6 is gradually pulled up at right 
angles to an oil level as shown in drawing 3 , it will get wet to both sides of a substrate 6, and a film 7 will arise. Since 
[ this ] it gets wet and the protein molecule 4 is distributing in the shape of two-dimensional on the film 7, if a film 7 
dries, the two-dimensional crystal of the protein molecule 4 can obtain the substrate 6 adhering to both sides. 
[0023] Moreover, as shown in drawing 4 , the platinum blade 9 is perpendicularly stood on the substrate 6 placed on 
the base 8, the solution 3 which distributed the same protein molecule as the case of drawing 2 between the substrate 
6 and the blade 9 is given with surface tension, and if it fixes and moves in the direction of an arrow gradually by 
constant speed in a base 8 6, i.e., a substrate, the thin film 7 of a solution 3 will generate a blade 9 on a substrate 6. 
In this thin film 7, since the protein molecule 4 is distributing in the shape of two-dimensional, if a film 7 dries, the two- 
dimensional crystal of the protein molecule 4 can obtain the substrate 6 adhering to one field. 
[0024] Furthermore, it is perpendicular (although illustration is omitted) to a solution 3 about a substrate 6 in the 
container 10 which poured in the solution 3 which distributed the same protein molecule 4 as the case of drawing 2 as 
shown in drawing 5 (A). Even when it is slanting, it is good, and a solution 3 is gradually extracted by constant speed 
by the syringe (illustration ellipsis) etc. from the upper part of a container 10 (although illustration is omitted). The hole 
is vacated under the container 10, as it indicates drawing 5 (B) that you may extract gradually by constant speed by 
operation of gravity etc. from this hole, it gets wet to both sides of a substrate 6, and a film 7 arises. Since [ this ] it 
gets wet, it gets wet in the case of drawing 2 on a film 7 and the protein molecule 4 is distributing in the shape of two- 
dimensional like a film 7, if a film 7 dries, the two-dimensional crystal of the protein molecule 4 can obtain the 
substrate 6 adhering to both sides. 

[0025] In the method shown in these drawing 2 -5 the two-dimensional crystal of the protein molecule 4 You may form 
all over a substrate 6 and may form only in a specific portion by the proper pattern, in the case of the latter The field 
where the protein molecule 4 tends to adhere to substrate 6 front face beforehand, and the field which cannot adhere 
easily (for example, by the art mentioned later) After creating the hydrophobic field and the hydrophilic field or making 
the protein molecule 4 adhere to a substrate 6 in the shape of two-dimensional, the method of a proper pattern 
removing this molecule 4 is adopted. 

[0026] Moreover, even if it is a method by the replica method (Adv.Biophys.Vol.34, 99 to p107 (1987) reference) 
developed by Yoshimura and others as shows drawing 6 (A) - (D), the two-dimensional crystal film of the protein 
molecule 4 can be obtained. 

[0027] First, in drawing 6 (A), in the specific solution (sucrose solution of 2% of concentration) 3, the protein molecule 
(apoferritin which connoted the iron oxide) 4 is risen to surface on the sucrose solution 3, as the protein molecule 4 
shows it at drawing 6 (B), when syringe 1 1 grade is used and poured in. 

[0028] The protein molecule 4 which reached the gas-liquid interface first forms amorphous film 12', as shown in 
drawing 6 (C), and the protein molecule 4 which reached later adheres to the bottom of this film 12\ and as shown in 
drawing 6 (D), it forms 12" of two-dimensional crystals in the bottom of this film 12'. 

[0029] If a substrate 6 is laid on the film 12 which consists of this amorphous film 12' and 12" of two-dimensional 
crystals as shown in drawin g 6 (D), the film 12 of this protein molecule will be imprinted at a substrate 6 side. 
[0030] This film 12 can imprint a substrate 6 to a substrate 6 side easily by processing hydrophobic. 
[0031] Hydrophobic processing of a substrate 6 can be performed by the silicon substrate by carrying out processing 
by the hexamethyldisilazane (HMDS (CH3)) (3SiNHSi3 (CH3)) etc., or covering by the monomolecular film of carbon 
fluoride in a glass substrate etc. 
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[0032] Also in this replica method, the proteinic two-dimensional crystal film 12 may be formed all over a substrate 6, 
and if conditions are selected, since a film 12 is imprinted only to a hydrophobic field and it can avoid imprinting in a 
hydrophilic field, can form a hydrophobic field and a hydrophilic field by the proper pattern on a substrate 6 
beforehand, and can create a film 12 to a proper pattern. 

[0033] After carrying out expansion arrangement of the protein molecule on a substrate by the two-dimensional 
crystallized state as mentioned above, a protein portion is removed and the inorganic-material atom made to hold in 
the lumen section of a protein molecule is made to appear two-dimensional on a substrate in this invention. 
[0034] Generally heat treatment performs removal of this protein portion. 

[0035] For example, proper time (for example, 1 hour) maintenance, then the polypeptide film in the case of a protein 
portion or drawing 2 are burned down by inert gas Naka, such as nitrogen, and 400-500 degrees C, and an inorganic- 
material atom remains by the shape of a high-density dot two-dimensional on a substrate. 

[0036] still more proper [ at the inside of reducing-gas atmosphere, such as hydrogen, and 500-900 degrees C ] in this 
- time maintenance may be carried out and an inorganic-material atom may be returned 

[0037] The carbon nanotube of this invention is directly compounded on a substrate by using as a seed the inorganic- 
material atom (it being a meaning containing the oxide and other compounds in this invention, when describing it as 
an "inorganic-material atom") which carried out expansion arrangement on the substrate as mentioned above. 
[0038] Although what method is sufficient as this synthetic method as long as a carbon nanotube is compoundable, 
CVD can apply it preferably. 

[0039] That is, the substrate which carried out expansion arrangement of the inorganic-material atom is placed into a 
sealing system, the organic compound used as the raw material of a carbon nanotube is introduced in this sealing 
system, and substrate temperature is made into 500-900 degrees C, By this, an organic compound decomposes, a 
carbon particle occurs, this carbon particle uses an inorganic-material atom as a seed, and a carbon nanotube is 
compounded and is grown up. 

[0040] The CVD in this invention can also be performed under reduced pressure (for example, less than 1Pa - about 
10-6Pa). 

[0041] Moreover, if it is an organic compound, although it will not be especially limited as a source of carbon, the 
aromatic-ketone compound shown in ** 1 , an ortho methyl diazole ketone, a phthalocyanine, other aromatic 
compounds or various kinds of aliphatic compounds, etc. can use it preferably. 
[0042] 
[Formula 1] 





[0043] This CVD is performed using equipment as shown in drawin g 7 . 

[0044] or - in drawing 7 , a substrate 6 is set on the heater 21 in the sealing chamber 20, and a substrate 6 is heated 
at a heater 21, introducing inert gas, such as nitrogen and an argon, from a nozzle 24 from a pipe 23, exhausting and 
decompressing the inside of a chamber 20 with a vacuum pump 22 

[0045] After the temperature of a substrate 6 is stabilized, the change bulb 25 is operated, and the steam of the above 
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organic compounds is made to accompany to carrier gas, such as nitrogen and an argon, from the source feeder 26 

of carbon, and it supplies in the sealing chamber 20, and leads on a substrate 6 by the nozzle 24. 

[0046] It decomposes [ near the substrate 6 top ], and the steam of this organic compound generates a carbon 

particle, and compounds and grows up a carbon nanotube by using the inorganic-material atom on a substrate 6 as a 

seed. 

[0047] What is necessary is to take out from this chamber in the same sealing chamber, to hold for about 1 hour and 
just to perform annealing of a carbon nanotube by 400-900 degrees C among inert gas atmosphere, such as nitrogen 
and an argon, with a proper heating means, by the above-mentioned CVD, after compounding and growing up a 
carbon nanotube by using an inorganic-material atom as a seed. While adhesion with the inorganic-material atom 
used as a seed becomes good with this annealing, improvement in electric conductivity can be aimed at. 
[0048] Order is typically shown for the situation of composition and growth of the carbon nanotube in this invention 
explained above in drawing 8 later on. 

[0049] First, as shown in d ra wing 8 (A), on a substrate 6, it is high-density and highly precise and expansion 
arrangement of the protein molecule 4 (two-dimensional crystal) is carried out. 

[0050] Subsequently, it is high-density and highly precise and the inorganic-material atom 1 currently held at the 
lumen section of this molecule 4 is made to remain in the shape of a dot two-dimensional on a substrate 6, as this 
substrate 6 is heat-treated, the protein portion 2 of the protein molecule 4 is ****(ed) and it is shown in drawing 8 (B). 
[0051] The substrate 6 of this state is placed into a sealing system, and by CVD, if a carbon steam is made to **** in 
this system, a carbon nanotube 13 will compound and grow by using the inorganic-material atom 1 on a substrate 6 
as a seed. The growth direction has a down case, as are shown in d rawing 8 (C) and it is shown in an above case 
and drawing 8 (D). 

[0052] Annealing processing of this is carried out with a proper heating means, and the carbon nanotube of this 
invention is obtained. 

[0053] In addition, although drawing 8 showed the mode in which the protein molecule 4 and the inorganic-material 
atom 1 adhere to one side of a substrate 6, and a carbon nanotube 13 compounds and grows, these [ 4 and 1 ] 
adhere to both sides of a substrate 6, and a carbon nanotube 13 may compound and grow. 
[0054] Thus, an adjacent carbon nanotube comrade does **** proximity, and composition and since it is growing up, 
the carbon nanotubes 13 which use this inorganic-material atom as a seed since two-dimensional array of the 
inorganic-material atom (6nm) by which expansion arrangement is carried out is carried out to the 6th page of a 
substrate by high density at the predetermined intervals (about 12nm interval) in this invention at the shape of a dot, 
and compound and grow are the mutual carbon nanotubes 13 and 13... The property of growing up perpendicularly 
improves by existence. 

[0055] On the other hand by the fixation / array method of the conventional carbon nanotube mentioned above The 
array of the metal used as the kind at the time of arranging and fixing the carbon nanotube produced separately to a 
rough ****** sake An adjacent carbon nanotube comrade does not approach, therefore the operation by existence of a 
mutual carbon nanotube like this invention which grows two-dimensional with high density does not arise. It carries 
out that a carbon nanotube bends etc., and fixation and possibility of being arranged become very high and control of 
vertical disposition becomes difficult. 

[0056] In addition, the inclination of the growth property to the perpendicular direction in this invention mentioned 
above becomes remarkable when using Dps protein as a protein molecule 4. That is, it is because the size of an 
inorganic-material atom is set to 4nm, an interval is set to 9nm and the inclination which carries out orientation 
perpendicularly becomes still stronger in Dps protein. 

[0057] As mentioned above, vertical disposition of the carbon nanotube in this invention is carried out very good to the 
substrate side, and it can be preferably applied as a high current electron ray emitter of a low-battery drive, for 
example, can be suitably used as a cold cathode member in the field emission type emitter of a flat-panel display. 
[0058] When a carbon nanotube is what is compounding and growing, both sides can also be used for both sides of a 
substrate as an electron ray emitter, and only one side may be used for them. 
[0059] 
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[Example] As an example 1 protein molecule 4, the apoferritin holding the iron oxide 1 was used for the lumen 
section, two silicon substrates were used as a substrate 6, in the mode shown in drawing 5 , to each of two substrates 
6, it was high-density and highly precise, expansion arrangement of the apoferritin (two-dimensional crystal) 4 was 
carried out, and two substrates 6 (however, the apoferritin 4 has adhered to both sides) of a mode shown at drawing 8 
(A) were obtained. 

[0060] In addition, what contains the apoferritin extracted from the spleen of a horse by 100 ng/ml concentration in a 
physiological saline was used for the apoferritin solution 3, and the silicon substrate 6 used what hydrophilic-property- 
-ization-processed the front face for the activity ozone by ultraviolet rays by 1 10 degrees C, respectively. 
[0061] Moreover, two substrates 6 opened the fixed interval into one container 10, and set it, respectively, and the 
extraction speed (oil-level fall speed) from the container 10 of the apoferritin solution 3 extracted the solution 3 as a 
part for 0.1 mm/using the syringe of an illustration abbreviation. 

[0062] Among nitrogen gas atmosphere, held two substrates 6 obtained as mentioned above for 1 hour, heat-treated 
them at 450 degrees C, the protein portion 2 was made burned down, and two substrates 6 which are carrying out 
expansion (to both sides) arrangement of the iron oxide 1 as shown in drawing 8 (B) by the shape of a high-density 
dot two-dimensional were obtained. 

[0063] One side of these two substrates 6 was further held at 700 degrees C among hydrogen gas atmosphere for 1 
hour, and reduction processing was carried out, and the iron oxide which is carrying out expansion arrangement was 
returned to both sides of a substrate 6, and it considered as iron. 

[0064] Using the CVD system which shows two above-mentioned substrates 6 to drawing 7 , on the heater 21 in the 
sealing chamber 20 in this equipment, the interval was kept and it set, respectively. 

[0065] Subsequently, two substrates 6 were heated at 600 degrees C, respectively, having exhausted the inside of a 
chamber 20 with the vacuum pump 22, having introduced argon gas in the chamber 20 through the nozzle 24 from 
the pipe 23, and holding the inside of a chamber 20 to 1Pa. 

[0066] Then, changed the change bulb 25, the steam of an ortho methyl diazole ketone was made to accompany to 
argon gas as a source of a carbon particle from a feeder 26, and it introduced in the chamber 20 through the nozzle 
24. 

[0067] an ortho methyl diazole ketone decomposes in a chamber 20, a carbon particle occurs, and it is shown in 
drawing 8 (C) by using an iron oxide 1 as a seed - as - two substrates 6 - the carbon nanotube 13 was compounded 
and grown up, respectively (both sides) 

[0068] Then, within the same sealing chamber 20, it held at 600 degrees C for 1 hour, composition and annealing 
processing of a carbon nanotube 13 in which it grew up were performed, and the carbon nanotube in this invention 
was obtained. 

[0069] It compounded as mentioned above, the carbon nanotube 1 1 was grown up, and the electron emission test 
was performed about each of two substrates 6 which carried out annealing processing. 

[0070] The conditions and method of this test added micrometer in 10v (=106 - 107 V/m) /as electric field using the 
chip which used the carbon nanotube as cathode and carried out the platinum coat to the counter electrode. 
[0071] As for the result of a test, two substrates were able to obtain the current density of the order of several 
mA/cm2. 
[0072] 

[Effect of the Invention] As mentioned above, the ideal vertical disposition to an array and fixation with about [ that it 
can direct-compound and can be made to grow up on a substrate in the carbon nanotube of this invention ], and high 
density and high degree of accuracy, and a substrate side is very easy. 

[0073] In connection with this, the carbon nanotube of the quality of an excellent article as a low-battery drive high 
current electron ray emitter can be manufactured with high productive efficiency. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawing 1] Drawing showing the composition of a protein molecule typically 

[Drawing 2] It is explanatory drawing showing an example of the two-dimensional array / fixed method of a protein 
molecule in order of a process. 

(A) is drawing showing the process which stretches a polypeptide film on the distributed liquid front face of a protein 
molecule, and adjusts pH of this liquid. 

(B) is drawing showing the process which a protein molecule adheres to a polypeptide film and can do the two- 
dimensional crystal of a protein molecule. 

(C) is drawing showing the process which a substrate is laid [ process ] on a polypeptide film and makes this film 
adhere to a substrate. 

(D) is drawing showing the state where the substrate to which the two-dimensional crystal of a protein molecule 
adhered through the polypeptide film was taken out. 

[Drawing 3] Explanatory drawing showing other examples of the two-dimensional array / fixed method of a protein 
molecule 

[Drawingj4] Explanatory drawing showing the example of further others of the two-dimensional array / fixed method of 
a protein molecule 

[Drawing 5] It is explanatory drawing showing the example of further others of the two-dimensional array / fixed 
method of a protein molecule. 
Drawing in which (A) shows the method 

Drawing where (B) is obtained by the method and in which getting wet and showing a film typically 

[ Drawing 6] Explanatory drawing showing order for the example of further others of the two-dimensional array / fixed 

method of a protein molecule later on 

[Drawing 7] Drawing for explaining the equipment used in case the CVD in this invention is enforced 

[Drawing 8] It is explanatory drawing showing order for an example of the composition / growth method of the carbon 

nanotube of this invention later on. 

Drawing showing typically the state where (A) carried out expansion arrangement of the protein molecule on the 
substrate 

Drawing showing typically the state where (B) ****(ed) the protein portion of a protein molecule and considered as the 
inorganic-material atom particle 

Drawing in which (C's) using an inorganic-material atom as a seed, and showing typically rigidity and the state where 
it was made to grow up for a carbon nanotube 
[Description of Notations] 

1 Heart of Inorganic-Material Atom 

2 Proteinic Husks 

3 Buffer Solution Which Distributed Protein Molecule 4 (Solution) 

4 Protein Molecule 

5 Polypeptide Film 
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6 Substrate 

7 Get Wet and it is Film. 

8 Base 

9 Platinum Blade 

10 Container 

13 Carbon Nanotube 
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DRAWINGS 



[Drawing 1] 




[D rawing 2 ] 

(A) 

? (D) 




[Drawing 3] 



ffle://C:\Documents%20and%20Settings\Ted\My%2 4/17/2003 



JP-A-2001-181842 Page 12 of 14 




(B) 

[Drawing 6] 
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[Drawing 8] 
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(C) 
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(D) 
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